Abstract. Artificial Immune Recognition System (AIRS) has shown an effective performance on several machine learning problems. In this study, the resource allocation method of AIRS was changed with a nonlinear method. This new algorithm, AIRS with nonlinear resource allocation method, was used as a classifier in Traditional Malay Music (TMM) genre classification. Music genre classification has a great important role in music information retrieval systems nowadays. The proposed system consists of three stages: feature extraction, feature selection and finally using proposed algorithm as a classifier. Based on results of conducted experiments, the obtained classification accuracy of proposed system is 88.6 % using 10 fold cross validation for TMM genre classification. The results also show that AIRS with nonlinear allocation method obtains maximum classification accuracy for TMM genre classification.
Introduction
Interest on music information retrieval systems for the storage, retrieval and classification of large collections of digital musical files has grown in recent years. Metadata such as filename, author, file size, date and genres are commonly used to classify and retrieve these documents. Such manual classification is highly laborintensive and costly both in terms of time and money [1] . An automatic classification system that is able to analyze and extract implicit knowledge of the musical files is therefore highly sought. One approach to automated musical classification that is currently being widely studied is classification based on musical genres.
Musical genres are labels created and used by humans for categorizing and describing music [2] . Examples of a few Western musical genres are such as Pop, Rock, Hip-hop, and Classical. Several systems for automated genre classification and retrieval of musical files have been researched and developed [2] , [3] . However, most of these studies were conducted using only western dataset and we focus on non-Western musical genres, and more specifically on Traditional Malay Music (TMM). Norowi et al [4] have shown the significance effect of beat features for TMM genre classification in comparison to Western musical genres. Therefore the behavior of TMM genres is different from western music genres and need more studies to explore it.
Artificial immune system (AIS) is a computational method inspired by the biology immune system. It is progressing slowly and steadily as a new branch of computational intelligence and soft computing [5] , [6] . One of AIS based algorithms is Artificial Immune Recognition System (AIRS). AIRS is a supervised immune-inspired classification system capable of assigning data items unseen during training to one of any number of classes based on previous training experience. AIRS is probably the first and best known AIS for classification, having been developed in 2001 [7] .
In this study, the proposed approach consists of three stages: feature extraction, feature selection preprocessing and finally classification with AIRS. Feature selection is used to improve the quality of data that has been extracted in manual manner. Also non linear resource allocation is used in AIRS to increase its classification performance by means of resource number. The performance of the proposed method was tested with regard to classification accuracy. The obtained classification accuracy of our method is 88.6% using ten fold cross validation for TMM genre classification. Based on the results, AIRS with nonlinear resource allocation has most accuracy among the classifiers that used in the experiments.
The remainder of this paper is organized as follows: Section 2 gives the briefly description about Traditional Malay Music. Section 3 and 4 describe about feature extraction and feature selection methods, respectively. AIRS and using nonlinear resource allocation method in AIRS are explained in Section 5. In Section 6, we explain the experiments and discuss about the results and consequently in Section 7, we conclude the paper.
Traditional Malay Music
Traditional Malay music is mainly derivative, influenced by the initial overall Indian and Middle Eastern music during the trade era and later from colonial powers such as Thailand, Indonesia, Portuguese and British who introduced their own culture including dance and music. A thorough overview on the origin and history of TMM can be found in [8] . The taxonomy of TMM depends on the nature of the theatre forms they serve and their instrumentations. Categorization of TMM genres has been studied extensively by Ang [9] . Music of these genres is usually disseminated noncommercially, usually performed by persons who are not highly trained musical specialists, undergoes change arising from creative impulses and exists in many forms. The musical ensembles usually include gendangs or drums that are used to provide constant rhythmic beat of the songs and gongs to mark the end of a temporal cycle at specific part of the song [10] .
One common attribute that is shared by most TMM genres is that they are generally repetitive in nature and exist in 'gongan'-like cycle. 'Gongan' is defined as a temporal cycle marked internally at specific points by specific gongs and at the end
